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TERMINAL AREA ENERGY MANAGEMENT 
REGIME INVESTIGATIONS UTILIZING AN 0,030-SCALE. 
MUVEL (47-0) OF THE SPACE SHUTTLE VEHICLE 
ORBITER CONFIGURATION 140A/B/C/R IN THE 
AMES RESEARCH! CENTER 11 x 11 FOOT 
TRANSONIC WIND TUNNEL (0A148) 
by 


P, J. Hawthorne, Rockwell International Space Division 
ABSTRACT 


This report documents data obtained in wind tunnel test OA148. 

The objectives of the test series were to: 

1) obtain pressure distributions, forces and moments over the vehicle 
6 Orbiter in the terminal area energy management (TAEM) and approach phases 
of flight. 

2) obtain elevon and rudder hinge moments in the TAEl and approach 
phases of flight. 

3) obtain body flap and elevon loads for verification of loads 
balancing with integrated pressure distributions. 

4) obtain pressure distributions near the short OMS polls in the high 
subsonic, transonic and low supersonic Mach number regimes. 

Testing was conducted over a Mach number ranye from 0.6 to 1.4 with 
Keynolds number variations from 4.57 x 108 to 2.74 x 108 per tout. Model 
angle-of-attack was varied from -4 to 16 deyrees and angles of side slip 


ranged from -d to & degrees. 
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NOMENCLATURE 


Nefinition 


a ate Ht le ne | 


total Orbiter base area, ft? 


area over which Py acts, ft? 


= . = 


= a es a le 


speed brake base area, ft? 
Orbiter wing span, in 
vertical tail reference span, in 


Orbiter uncorrected axial force coefficient 


Orbiter axial force coefficient with sting 
cavity adjusted to average base pressure 


Orbiter forebody axial force coefficient. a 
Orbiter sting cavity axial force coe. Ficient. 


Orbiter uncorrected drag coefficient 


body flap hinge moment coefficient, about 
hinge line X, = 1532.0 


inner elevon hinge moment coefficient, about 
hinge line X, = 1387.0 


outer elevon hinge moment coefficient, about 
hinge line X5 = 1237.0 


total right elevon hinge moment coefficient 
Orbiter uncorrected lift coefficient 


Orbiter rolling moment coefficient, body 
axis system 


a | 





Symba | 


On 


Cy 


CCX ILY] 


Ux] 


A 
N 
Y 
m 
n 
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Plot 
Symbol 


CLM 


CLMU 
CLMF 
CLMSC 


CNU 


CN 


CNF 
CNSC 


CYN 


CPi 


CY 


CCXILY] 
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NOMENCLATURE (Continued) 


Definition 


A tr el Poa ee es. ee) at ane. a 


Orbiter pitching moment coefficient with 
sting cavity adjusted te average base pressure, | 
referenced to Orbiter MRC, 


Orbiter uncorrected pitching moment coefficlent 


Orbiter forebody pitching moment coefficient 
referenced to orbiter MRC. 


Orbiter sting cavity pitching moment coefficient, 
referenced to Orbiter MRC 


Orbiter uncorrected normal force coefficient 


a 
e &: ere a 
ee eee ee et 


Orbiter normal force coefficient with sting 
cavity adjusted to average base pressure * 


Orbiter forebody normal force coefficient 
Orbiter sting cavity normal force coefficient 


Orbiter yawing moment coefficient, body axis system 


surface tap pressure coefficient, port i, 
(Pj 7 P.,,) /q 


Orbiter side force coefficient 


base area force and moment coefficients. 

The first subscript (post fix) designates the 
type of coefficient, the second the pressure 
tap and it's assoctated area. The symbolic 
vectors [X] and [Y] are defined below. 


axial force 
normal force 
side force 
pitching moment 
yawing moment 
rolling moment 


t 
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Symbo 1 


®REF 





Plat 
symbol] 


LREF 


LU/ DU 
MACH 
PHI 


P4 


PT 


RN/L 
SREF 
TTR 


XCP/L 


X/LB 


NOMENCLATURE (Continued) 


Definition 


areas asseciated with pressure taps 
| through 6 see figure 2b 

sting cavity area 

upper bedy flap area 


Orbiter reference body length, IML nose 
to Xo 2 1528.3, in. 


longitudinal reference length, Orbiter mean 
aerodynamic chord, in 


uncorrected lift to drag ratio, CLU/CDU 
freestream Mach number 


angular cylindrical coordinate position 
around Orbiter body - deg. 


Pressure at surface tap i, PSF 

freestream static pressure, PSF 

Freestream total pressure, PSF 

freestream dynamic pressure, PSF 

unit Reynolds number, million per foot 
wing reference area, ft2 

freestream total temperature, °R 

center of pressure location referred to lp 


longitudinal location of body surface, 
fraction of body length 











eymbod, 


X/¢, 


K/Cy 


n 


Lary 


Plot 


syinho 1 


X/CW 


X/GV 


2/BV 


2Y/BW 


XMRP 


XT 


YMRP 
ZT 


ALPHA 
BETA 
BDFLAP 


ELVN-L, 
L-ELVN 


ELVN-R, 
R-ELVN 


RUDDER 
SPDBRK 
ZMRP 
$$ 


NOMENCLATURE (Gone Tuded) 


Definition 


chordwise Jecation on wing surface, 
fraction of local chard 


chordwise Jocation on vertical tail, 
fraction of local chord 


spanwise location on vertical tail, 
fraction of vertical tail span 


spanwise location on wing, fraction 
of sent span 


longitudinal location of moment reference point 


longitudinal moment transfer distance from 
Orbiter balance center to Orbiter MRC, in 


lateral location of moment reference point 


vertical moment transfer distance from 
Orbiter balance center to Orbiter MRC, in 


angle of attack, degrees 
angle of sideslip, degrees 


body flap deflection, degrees 


left elevon deflection, degrees 


right elevon deflection, degrees 


rudder deflection, degrees 
speed brake deflection, degrees 


vertical location of moment reference point 


inask character used to indicate al] 
possible values for this test 07 through &5 
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Wuring the course of the tast 1t was necessary to replumb the seant- 


valves, The resuttant time Joss necessitated deleting the priactty 4 runs 
whieh incerporated the use of the metrle vertical tad], ; 
| Data obtained from pressure taps 184, 296 and 347 are suspect due to 


slow leaks noticed while leak checking individual model pressure tape, 
Body flap htnge moment duta for datasets REBOOT through RE 9 have 
a -l5idrift while datasets RC8OU6 and RLYOO7 have a HUtdYt” oo to data 
recording system errors. System checks duri- . Mainder of the tes 
indicate a system error of Jess than 4. of body flap hinge moment data. 
Rolling moment data has an approximate -,003 bias in the coefficient. : 
The reason for this was not decermined, but possible sources are fabrication 
tolerances and/or differential stiffness of the left and right elevon 
panels. 
Distortion of the instrumented elevon shaft apvears to have occurred 
around run 310 due to model assembly difficulties and the maximum loads en- 


countered at these test conditions. A comparison of measured ejievon de- 


flection before and after the test with the nominal setting is presented 


below: 
* Elevon Panel Nominal Pre-Test Post-Test 
= -10 -9° 36! ~8° 55! 
4 ~4 ~3° 34! -2° 55! 
Inboard right 0 +0° 10' +1° Q2' 
4 +4° 26! +4? 28! 
10 +10°32' +10°39' 
~10 ~9° 36! -8° Yh! 
-4 ~3° 34! -2° 20' 
Outboard right 0 #0° 10! t +1° Ob! 
" \ 4 +4° 26! +3° 59! 
10 410°32'.. +10°18' 


! * [nbourd only was measured but was the same as outboard 


. ‘< a §: 








panel(see Ref 2) 
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CONFIGURATION INVESTIGATED 


The Rockwell International tiedel 47-0 Space Shuttle Orbiter Vehicle 
was utilized in this test series. The model was originally constructed 
to ~140A/B lines, but was modified prior to thts test with the addition 
of the -140C OMS pods, six inch bevelled interpanel elevon gaps and un- 
covered RCS forward thrustor parts. To denote these additions, the addi- 
tional designations "C" (for -140C OMS pods) and "R" (for RCS thrustors) 
were added, and the slashes deleted for copveniance on Table I] (designated 
"=140 ABCR"). 

In data sets RE806S to 085 the RCS thrustor ports in the nose were 
filled reverting the configuration to -140A/B/C modified with body B 


26° 
The following nomenclature denotes the model components: 
Component Description 
B56 140A/B fuselage (VL70-000140A, VL7C000140B) 
Ba, 140A/B fuselage (VL70-000140A, VL70-000145, VL70-000140B, 


VL70-G00143A, VL70-000139) with RCS thrustor parts (VL70- 
08501, VL70-08502, VL70-08296) 


Co 140A/B basic canopy (VL70-000140A, VL70-000143A) 

Eng 140A/B elevons (VL70-000200, VL70-006089, VL70-006092) 
with six inch bevelled interpanel gaps, no flipper door 

Fg 140A/B body flap (VL70-000140B, VL70-000200) 

Mag OMS-RCS pods for 140C Orbiter 

or OMS basic nozzles 

Ry. basic Orbiter rudder (VL70-000146A, VL70-000095) 

Vo basic Orbiter vertical tail (VL70-000140A, Vi70-000146A) 

Wing basic t40A/B wing (VL70-O00140B, VL70-000700) 
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CONFIGURATIONS INVESTIGATED (Concluded ) 


Designated configurations are: 
Cy Egg Fo “re Now Rs Ye “i16 


fa 


» |AOABCR Bog 
-140 ABC * Bog Cy Eng Fo M6 Nog Rs Vg Wi16 
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TEST FACILITY DESCRIPTION 


The Ames Research Center Unitary Plan 11- by 11-Foot Transonic Wind 
Tunnel is a closed-circuit, air-medium, variable-density facility Capable 
of attaining Mach numbers from 0.6 to 1.4 at Reynolds numbers from 1.7 x 
10°/Ft to 9.4 x 10°/#t. The test section is 22 feet long, and models are 
installed on internal strain-gauge balances mounted to Sting-type support 
systems. 

Shadowgraph and Schlieren photographic equipment is available, and : 
pressure transducer instrumentation is provided. : 

Tunnel operating temperature is 580°R. Extended high Reynolds number 


runs are restricted by power availability. 











DATA REDUCTION 


Standard NASA/Ames data reduction equations were used to reduce 
forces, moments, and pressures to coefficient form. Orbiter main balance 


force and moment coefficients were computed using the following equations: 


Symbol. Orbiter main balance measurement 
NF Normal Force 
AF Axial Force 
PM Pitching Moment 
YM Yawing Moment ; 
SF Side Force 
RM Rolling Moment 
CA, = AF / (q S) CL a CN COS a “Ca sin a 
CNY = NF / (q S) CD, = CNY sin age COS «a 


us gsc c C 
Et. = aa ‘. Cy ' ct Moment Transfer Distances 
— Xp = 0.572 in, 
i: tS + iP 20 
q°b = 0.450 in. 


a 


The Moment Reference Center about which the data was reduced is 


located at 
Orbiter (Full Scale) 
Xo 1076.68 
Yo 0 
Lo 375.00 


Balance coefficients were grouped into datasets RE80$$. 
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linge moment 


following equations: 


Elevon hinge 


HM 5 
HMag 
where 
HMi = 
DI = 
D3 = 
MI = 
M3 = 


Elevon hinge 


Inboard, “He, = MMe / (q Se Ca) 


Outboa 


Total, 


Body flap hi 
Hp f 
HM bf 


bf 








| 
DATA REDUCTION (Continued) : 

4 

s and hinge moment coefficients were computed using the 
| 

| 

moments (inboard and outboard). _ 


= (HMT-HM2) (M1/D1) + HMI 


“ee 
fob ee 


= (HM3-HM4) (M3/D3) + HM3 


measured moment on strain gage i 

distance between gages 1 and 2, .49335 in. 

distance between gages 3 and 4, .45800 in. 

moment transfer distance for inboard elevon, .93825 in. 
moment transfer distance for outboard elevon, .92250 in. 


moment coefficients 


rd, Cy = MMe i AG Se-0a) 
Herot “Hey * “Hey 
So = elevon reterence area, 0.189 ft. 
Co = elevon "eference MAC, 2.721 in. 
nge moment coefficient 
= HMbe / (9 She pe) 


weasured body flap hinge moment 


- body flap reference area, 9.12834 ft.’ 


V4 











ee a 


DATA REDUCTION (Continued) 


Ch¢ = body flap reference MAC, 2.541 in. 
Hinge moment coefficients are part of datasets RE8X$$. : 


=. -- .« 


Pressure coefficients for all model orifice pressure measurements 


“eee 
a eee 


were computed using this equation: 


Cp, 2 (P. : P. 1/9 


t 


where P; = pressure at model orifice 1 


i} 


Pe tunnel static pressure 


tt 


q tunnel dynamic pressure 


Other data reduction constants include: 


| 
| 
‘ 
4 
“ 
4 
4 
{ 
{ 
4 
ie 
] 


S = wing reference area, 2.4210 ft.2 
c = wing reference chord, 14.2443 in. 
b = wing reference span, 28.1004 in. 


After the data had been reduced to coefficient form by NASA/AMES, DMS 
interpolated it to nominal a's and g's. Then 2 types of base and sting 
cavity area coefficients were calculated. When they are applied 3 types 
of balance coefficient data exists. These can be distinguished by the 
last subscript (symbolic name) or postfix (mnemonic name). The key is 
given below 

U ~ uncorrected coefficients. 


~ coefficients with sting cavity pressure corrected to 
base pressure (without a suffix). 


F ~ forebody coefficients with the base area pressure 
corrected to freestream pressure. 








oo DATA REDUCTION (Continued) 


Only the correction coefficients assoctated with base pressure tapes | 

‘hrough 4 were applied to the longitudinal Orbiter coefficients, 

Figure 2b illustrates the base area associated with each pressure | 

a tap. Alphabetic characters bf and sc designate body flap and sting cavity 

: areas, respectively. Base area coefficient names have a numeric character 
which designates the pressure tap number. Base coefficients for vertical | 
tail areas 5 and 6 were calculated but not applied to the total orbiter 
ey coefficients. Base area coefficient values are tabulated in the appendix. 

4 A detailed derivation of these coefficients follows. It is concluded by 


a matrix of base area geometric properties. 


The orbiter sting cavity force and moment coefficients were computed 


as: 
| ty = Sp2_- Cpr) Ay 
7 Asc S 
- (Cryo - Coy) A, tan 12,.55° 
| “Nec eas aa 
ae 2 Lt Xsc 
F CMe “As. “e Neg 


The orbiter force and moment coefficients corrected for the differ- 


ence between balance cavity pressure and orbiter base pressure: 


A : Cay : CAse 
oa Cy " CNY ad Nec 
: C Gi aC 
a m Me Mee 


These orbiter coefficients are part of datasets KE80$$, 


| , ! 














DATA REDUCTION (Continued) 
Orbiter base force and moment coefficients were calculated as follows: 
Upper base area 
Cavyu “(Cay Aay)/5 
c, . PAeu 4u _ SN2u Kou 
meu .* C 
Lower base area 
CNey : -(Cy9 Ae, tan 10°)/S 
Z. X 
Cuz, = Grz, “2B - Cup, 2 
Total base area, Ag 
Cy2 = Ona, t ney 
a 2a z ' + t 
Caz» Cpa? Ene, 
oy, ney ; C2 y 
OMS pod base area, Ax : 
(This assumes the surface is perpendicular to the orbiter X-axis) ; 
Caz ~ (C3 A3)/S 3 
(3 , 
Cin3 7 CAR : 
3 CA3 : 7 
. OMS pod base area, Ag , 
(this assumes the surface is perpendicular to the orbiter X axis} : 
) 17 | 
Se eg eee Grae ee ee ee 








DATA REDUCTION (Continued) 


CAq * “(Cyq Aq)/S 


, ene 
oT ne ; 


Goeffictents for the above areas are grouped into datasets CF8D$$, 


Upper surface of body flap 


“Gyre Abt 
CNve phe er sin (én¢ + 6.88°) 
7) 


) 
“Core Abr 


“Ape fbf | “NDE Xbf 


Cine: = 
lib ¢ : 


where: 


C #C + Cusay #C 
- “p200 — “p201 © “p204 " *p205 
Cone r 


The orbiter force and monient coefficients adjusted to tree stream 
pressure (forebody coefficients). 


Ne > ON, -(cnp ' (Nee) 
4 
mr * Siu t, 2 On, i one) 


These orbiter coefficients are part of datasets KI 80$$. 
Vertical tail "undercarriage" area, Ac, 
Top Segment: 


Cn5 +t (Cit Nyt tan 63.75" )/§ 








DATA REDUCTION (Continued) 


Case ® ~ (Cog Age)/S 


ZS X 
Cnet ° Cast “Z* = Cyst “St 


Middle Segment: 
Cysm 7 (Cys Agm tan 26.1426°)/S 
Casm = - (Cys Agm)/S 


Z X 
Cmsm = CASm 2m CNSm 2 


Bottom Segment: 
CN5b = (Cp5 Adb tan 21.94°)/S 
Cash = ~ (Cys Agp)/S 


2 x 
CmBb = CASb ~22 - Cusp —2b 


Total area, Ac: 


HW 


(ys = Cust + CySm + CNSb 
Cas = Cast + Casm + Casp 
M5 = Cmbt + Cném + Gnsb 
Vertical Tail base area, Ag: 
Segment above rudder 
Cuéu 7 (Chg Agy tan 63.75°)/S 
Cagu = (Cyg Agu)/S 


Z X 
Cméu = CAgu —2Y > CNey eu 


19 








| 
DATA REDUCTION (Continued) ! 
Rudder/Speed brake base: | 
Cay ~ Spo Agr, [etn (0-55.1667") cos 55,1667" : 
404 (0 ©45,16007°) sin 55,1067" cas (sr) J/S : 


no, Spo Age, Fin (0 = 55.1667") sin 65,1667" 
- COS (U-55. 1667") cos 55.1667" cos (6r)]/S 
Ly6, Sng Ags, cos (0 -55.1667") sin ér/S 


C 


~~ par 
i De! Seger ses taney weer capers at peeeer | Mite oat eel 2 Sl 


no," Uae, (25) ~ Cue (Xp, )I/c 
Cog, * [Cyg, (26,)]/b 
Cn6, = -LCY6 (X6,) ]/b 
$8) 
~ | ext ae 

oe PAG 5.456791 + .573209 cos ( 3°) 

3.797715 - .823715 cos (°3) 
ara rn Ag, /sin 0 


Total area, Ag: 


“Ag ~ Agu * SAGs 


Ne ~ Neu * ONGe 


“Ve ° “Yeo 
Cig ~ Cite + Cine y 
bug aay) 


Che * Onby 


Vertical tail area coefficient data are grouped into datasets GE8D$$. 
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teal Lal ital eek alee peated i ee el 


"ajgedijdde jou - wy 
“snowAuouds aue AU1AeD gue, eq w9}zLQuQ pue AZLaAed Hu135 >SIL0N 


UOLZI91jJop Byeuq Paads y LM SOLURA 39 oyeiq pasds jo eaue aseg 
Cth SE 969° 21 861000°0 ng 49ppha aaoge 1 Le) [edLQUAaA 
COL GE 16°S Lv€000°0 45 do} ,a6e1asedsapun,, {164 1 eI1q4aA 
E“0°€L 9fE°S 019200°6 WG SLPplw ,abetaseduapun,, 110} 1ed1zUdA 
SéE°SL 219° S9SE00°0 qS u10330q ,ebetusedsapun,, {10} [edILQUaA 
WK €9°€ 99L~Z0°0 7 pod swo saddn 
man 89°Z ZLv0E0 0 € pod SwO 4207 
Ege SE Zu 2 GS08 180°0 nz Aaddn 2 ad1j1u0 aseq 4aqiquo 
LIS Ze ce"Lk - 688EEL 0 82 A9MO] Z AIIJLUO BSeq 4aQLQUO 
GS(°SL sy0 669920°0 l AJLABD aoueL eg waQLGQUO 
G29 °Ef p92 - 821°0 +4 gIeJANS uaddn dejy Apog 
GSL°ZL Gv-O 6699/0°0 2s Aziae> Gurys 
“UL ~ ¥ "ul ~ 7 2°33 -~Y qdLads UOLZdLUDSeq 
pewrpnzebucr [bOI19R49A eauy -qns 


Jin BUS PlLOsius} usaMqaq edueISIG 


XidlVnl SATLU3d0Ud IIYLIWOIN 3syE 























be 7 De et 
eosai : a i 
i: aoe oe s Pa - 4 ! ing 
3 : : : 
sh + ae 2: q. rie Boos Rd ar 
re i oot! Blee nti as a fo FL pane ae d 
Z Rie. ican ay PSD see Rt tes * * - 7s a4 a8 
pars rere ; SOIRDHL G2 et = : 


AROS ERS 
TE cos ag LO BO eget 
Tae ™ ST. gg Ri E 


eBorilacgtethy ont AEE 


Pig td * 


~ 


cea cue 


ce 
-_- 














DATA REDUCTION (Continued) 


nT Noy f1" 


() (1, 0060030 
24 0, 0466000 
4h 0.062 1000 
if) 0, 0950800 
my 0,185 1400 


Key 15.046 1 1.440277 [1 -cos (ssb/2) J 
Zey ~ 9.755 4 0.501827 [l-cos (bsb/2) J 
Standard OMS loads cycle test procedures were used to process the 


OA148 pressure data, First numerous pressure distribution plots were 


released. Analysis of these produced bad pressure data list. This list 


is reproduced below: 
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DATA REDUCTION (Contd nund) 


OAIAR Rad Prassure Data 








Datasat, Tan 

Component No. . No. 8 a 
Fuselage 1 143 4 o4 
(13) | 148 4 ~4 

1 160 4 =f 

1 152 ( » 4 

1 186 4 ~4 

1 187 4 ~4 

1 189 A «4 

1 191 4 a 

1 193 4 ~4 

Lower Wing 147 23] ALL ALL 
(L) 1 +» 85 290 ALL ALL 

| 316 4 4 

1 317 4 -4 

1 337 4 ~4 

1 338 4 ~4 

] 358 4 ~4 

1 378 4 ~4 

1 379 4 ~4 

1 398 4 4 
Upper Wing 1+7 247 ALL ALL 
(U) 7 357 4 -4 


3 
> 


205 


t 
> 
ome 
Le 


Cody Flap (F) 

Speed Brake (K) 1 + 85 822 ALL ALL 

Vertical Tail 8 443 ALL ALL 
V 


Note: Wind tunnel pressure data tabulated in the appendix 
have the original bad data values. 
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DATA REDUCTION (Continued) 
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was hese points were eliminated from further processing, The remaining date ! 
a were interpolated to nominal alpha and beta values. Processing was com- | 
: pleted with the release of a magnetic tape containing the final interpu- | } 
q lated pressure coefficients. : 
ot This report contains plots and tabular listings for both force and | 
Pressure data. Plotted force data illustrates lateral-directional, longi- | 
tudinal and hinge moment characteristics of the configuration tested. 


Plotted pressure data illustrates the effect of several control deflec- 


= - . TREN ~- 3 


tions and attitude changes on local pressure distributions. The multiple 


volume appendix contains a tabulated listing of the basic force and pres- 





Sure data. Listing of the interpolated base area coefficients is also 


included. The plotted and tabulated data are arranged in the following 


manner: 

i VOLUME 

J NO. CONTENTS 

é 1 Force data plots showing lateral-directional 

is longitudinal and hinge moment characteristics. 

: 2 Plots illustrating the effect of control] surface 
2 deflections on fuselage, wing and vertical tai] 


pressure distributions. 


























: DATA REDUCTION (Concluded) 


VOLUME | 
| NO. CONTENTS 
F 3 Tabulated Force Data 
ee t 
. Dataset Data type 
Z RE80$$ source balance coefficients 

RE8X$$ source hinge moment coefficients 
RE8Y$$ source base pressure coefficients 
KE80$$ interpolated balance coefficients 
adjusted for cavity pressure and 
forebody coefficients 
a FE8D$$ interpolated base and cavity area wa 
7 FE8D$$ coefficients : 
GE8D$$ interpolated vertical tail base 
area coefficients 
Tabulated Pressure Data 
Fourth 
Component Character* Page 

4, 5 orbiter fuselage B 1 

’ 6,7,8 lower wing i 127) 
: 9,310,171 upper wing U 3147 

12 upper body flap F 5405 
eS 12 Tower body flap G 5774 
13 speed brake K 6143 
13 vertical tai] V 6547 


* The fourth character in each dataset identifier (1.e., XE8BXX, B for 
Fusclage) represents the individual component. 
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TABLE 1 
MODEL. DIMENSIONAL DATA 


MODEL COMPONENT °, BODY = Bag ee 
GENERAL DESCRIPTION ._Confiawratien 1u0A/! orbiter fuanlage.—- 


NOM Bog de ddontead ho Boy exeoph updapud seg fy veluce bad bovn. . 


___rafalrod Vo laccopt Wig... megs i gee ene ne eecct meer umenererE IgE SS etre se TS ee] 
MODI), SALE 02.030, MOL DLC ila! 9. Ab ObuU ad « 


DRAWING NUMBER. WVL70-QU014 310, 000000, aN og tO, wl Hl on 
VINZ0—000140A, -VOO140B 


DIMENSIONS : FULL. SCALE MODEL SCALE 
Length (OML: Fwd Sta. Xq “255),In. 1293.3 3A. 99 
Length (IMI: Fwd Sta X  -238),Ine/aded — 38/09 
Max Width (# Xp = 1528.3), Tn. eb Lala) 
Max Depth (@ Xg = 1464), In. 250.0 2500 
Fineness Ratio cee ee Ok Dah 
Area - Ft* meena 

Mox. Cross—Sectional ____ 340.88 = 0. 3068 
Plonform 6 ee 

Wetted es 
Buse Se 











TABLE TII (Continued) 


MODEL COMPONENT : RODY = § 


a era of a 8, een A RE eres ene 8 ste sn + gE 


GENFRAL. DESCRIPTION |. ont auratlon LOA/B orbiter fuelage with 


forward Pune ape NG thruster porta 





obhorwlue Bog da ddentiead to 


HH, ' 


yt fy 2 cseereenmeneneemencr event trees xe Te ee Se ae PSE TE SE ct ere pee i og ee 5 + SSS ST SS ee st ee Sc: 


MODEL SCALE: 0,030 
=s- ~ oS SS tras yet ee eee 2 MERE NRE TER ts Lame = eee | = ap 


DRAWING NUMBER. _VL20=0001/A0A ~OOO1L0] ~O001A 311, “DOUIA 9. -VO00800, 


VL70-000205 , “Q06089, ~O0BSOL, UORSO2, —V0RP96 


DIMENSIONS : FULL SCALE MODEL SCALE 
Length (OML: Fwd Sta X7=235), In. 1293, 3 38.799 
Length (IMI: Fwd Sta Xp 238), Talvgo.g 38.70 
Max Width (™ X, = 1528.3), In, 2b O 74.920 
Max Depth (w Xp = 1464), In. «90,0 La 200 
Fineness Ratio cee 0.) ae Lew 
Area = Ft Se ee 

Max. Cross~Sectional 240.88 223068 
Planform ee ee 
Wetted nS eee a eee 
Base eae ae eee 
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TABLE TIT (Cont'd) 
MODEL COMPONENT =, CANOIY 9 


GENERAL DESCRIPTION » |) Confiyupatdon 3A, 


{ e i a 
- FU 5 A a I ee SRS ET rr wereweners (Salemi ot an any win, aieegpenrenas) in Sais) emeid ceed er Nk eee oe 


MODKL, SCALED 0.050 


PEEL 81 


DRAWING NUMBER. —V1i/20-0001 435A 


DIMENSIONS ; FULL SCALE 


Length (X34. 643 to 578), In, 


.S 
= 


Max Width (@ X¥9 = 513.127), In, 152.412 


Max Depth (* X, = 485.0), In. 5.00 


~ 
wena ae. Sener Se CER) 


Fineness Ratio 


nan ee eae 
Area ci cs 
Mox. Cross—Sectional ee erence 
Planform eg ree ae 
Wetted we ae al 
Base ines 








hE ie hh 8 


MODE DWE: SS-A00TN, Release le 
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Canopy wnad with fuse 


Ae Lape 


ee st 


RS EE = <a NTARUNE ai Be eae <2 te: PERE. 2908: _.0e- —«: ™ 


MODEL SCALE 


301 
4.52 


0,750 


a cae a ai 2 ne ae 2 a a a ee AT. 
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TARLE ITT (Cont'd) 
MODEL COMPONEN] we LNVON = fh Rates Si te a OP elt | 
GOAT RAL OF SCRE TION 01d Pi. any machined inte, weve? OL 20 a 
J par doorn conterbody Neeren, and Lipo in aro not, wimulated, | 
(Nata arn for one Of two siden, ) | 
tee OSS So SEER oe. SORTA At ee -t25 - 3 PSST grat ee a a | 
| 
MODEL, SCALM oe Ge es ! 
DRAWING NUMBER Ug TS Sin “oe cheat sme as cag * 
{ 
| 
| 
DIMENSIONS FULL SCALE MODEL SCALE 
Area = 4” 210.0 0.189 
— A aera, 
Span (equivalent) si. ag LS LO.L76 , 
‘a erates, 
Inb'd equivalent chord, In, 118.0 3. 5h 
Qutb'd equivalent chord , In, wa) Poh: mh O96 
Ratio novahle Surface chord 
total surface chord _erart cate, ee EEEensese 
At Inb'd equiv. chord O. 2096 0, 2096 
ee eee 
At Outh'd equiv, chord 224004 0. 400K 
Sweep Buck Angles, degrees Sri ss 
eee eenemsen, 
Leading Edge a 0 0.00 
Fravling & dye Th0.056 “20,056 
Hingeline 2 SH cae, 0.0 | 
(Product of Area & C)a | | 
Aten Moment ' Nowmexdxpoxhoegexhirc | Ft JOR ae, Be Obey 
Mean Aerodynamic Chord, Tn, 0.7 ate 
\ 
‘ af | 









mat 


Mie a? 


TABLN, TIT (Contd) 


MODEL COMPONENT °_ BODY LAP = Pg 


eg 


GENERAL DESCRIPTION : __ Gonfiguratdon 10A/R 


a Me oe ee Tt 


ter ST eS Ee Rev ene eee Ss: 


EE 25 SRST 7A tre nn 4.9 wn NRE rpg EE ee, 


MODEL SCALE: 0,030 
seeaseealimiasmemtia ss va 














DRAWING NUMBER: __V1.70-000140R, -000 


DIMENSIONS : 


200 





LT Le RRA -eineee tay 


FULL SCALE MODEL SCALE 

Length (Chord), In, 84.7 2. 541 
Mox Width , In. 262.308 7.869 
Mox Depth, In. 23.00 0.690 
Fineness Ratio ne 
Area - Ft? —— 

Max. Cross—Sectional eS ee ee 

Planform 142.60 0.128 

Wetted 

Base 41.90 0.0377 

NAS 5 
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= ! 
: TABLE III (Cont'd) 
+ MODEL COMPONENT : OMS POD = Mag 
: GENERAL DESCRIPTION : _ Configuration h0C orbi tor OMS pod = short. pod. 
: katernal contour js to referenced drawings with J/?" added to Bimulate 
TS, _ 
4 i 
4 MODEL SCALE: 0.015 — | 
DRAWING NUMBER: VI7O-008L01, -008%J0 = , 
: | 
3 DIMENSIONS : FULL SCALE MODEL SCALE | 
Length (OMS Fwd Sta Xp, =1310.5),Im. 258,50 D755 2.. 4 
Max Width (@ X9 = 1511), Tn. 136.8 4.104 
, Max Depth (@ X= 1511), In, 770A 
Fineness Ratio 71 \-{ a +yS:) 
; Area = Ft" — 
Mox. Cross~Sectional 8.865 053 
: Planform 
Wetted ne 
Base a ee ee Siciaaealilemieusisitiaion 
; 
, 39 



































TABLE, TILT (Cont'd) 
OMS 


MODEL COMPONENT WARM NOD) Neg 


a a ee tne eal Le ee ee ea 





Te ae A ea 


TEMERAL DESCRIPTION: ..fonfipuratton LAOA/R orbiter. OMS nogzalen.. 


ee So ee Rt ne eee oe ee an a a A YEP 8 ER SN ST ORT te = te a ep epg = ae 


MODEL SCALE: _— 0,030_ 


Rt iat eee mee ole an ee ee Ee Pee 


DRAWING NUMBER: _  VI70=000140A (Location), SSA QO106, Release 9 (Contour) - 


DIMiNSIONS: FULL SCLk 
Mac NO, 


Length =. In ° 
Gimbal Point to Bxit Plune 


Throut Lo Exit Plane ee 
Diumeter «- In. 
BXit PEM 
Throat Caen RT 
Inlet Sa eee Ieee 
2 
Area - ft 
bxit Se ea ene 
Throat 


Gimbal Point (station) - In. 
Left Nozzle 


Rieht Nozzles 


Yo 8870 


‘} 


“) 192.0 





Null Position - Des. 
Left . Novyle 


ae a a 
Yaw 2 ae 


Right Novzle 


Ptteh a 
Y: LW 2°) Wa : 


Oe owe 


AQ) 


ceo are nae oe AR ote rear As ees pes gemanee S 
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TARTAN TIT (Cont'd) 


MODEL COMPONENT RUDDER = J , i aaa eee a ER sn 
GENERAL DESCRIPTION ~vonfipuration 140C orbiter rudder (identical ta 
configuration 140A/R rudder), 


ome Seas cree, tee 


a oe 


0 ap ame o atte 8 wets ee sm ose 4 Se ee ee ee 9 





HOD TY 9 4 - Ra => EP viymime eect een ee ee 


“eee 


cal a  ta 


MODEL SCALE: 0.030 


oe 


fated OO CT TE AOC Ae EAR RSA ASEatat ‘este SRS 


DRAWING NUMBER  _VIL70-000146R, -000095 


- Panera ln i a eT 











DIMENSIONS FULL SCALE = MODEL SCALE 
Area - Ft” 100.15 0.090 7 
Span (equivalent) , In. 201,00 6.030 | 
Inb’d equivalent chord, In. 91.585 2.7h8 7 | 
Outb'd equivalent chord, In. 50.833 1.52! ) 


Ratio novable surface chord: 
totol surface chord 








At Inb’d equiv. chord 


: 
. 








At Outb'd equiv. chord 0.400 9-400 
Sweep Back Angles, degrees eae 
Leading Edge ned 83 34,83 
Trailing Edge 26.25 26,25 . 
Hingeline 34.83 34.83 


(Product of area & c) 


Area Moment bismemeber xara xixnced Ft? 610,92 owe OL65 


Mean Aerodynamic Chord, In, CSee 2.196 


























TAR TIT (Cont'd) 
MODEL, COMPONENT: ViRTIC/L - Vp 


et an es en RN Aah ae AR SNE MRR = cernhine mums min = LRU as cam nn aAihemingmtcin © Meammnine <a fA A ey nee tn de 


GENERAL DESCRIPTION; _ Configuration J40C orbiter vartica) tall. 


(Identical to configuration L4OA/RK verticg) tadd.) ou - 


WE nee ee rm ET tr ee Or see ef ee FE EOP Pe. -SW ery Of <8 0) CURT Oem Ce rerEEITr Temi © Od se enrinee ame Panis au: eM eee ee led 
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APPENDIX 


VOLUME 
NO. CONTENTS PAGES 
3 TABULATED FORCE DATA 1-723 
TABULATED PRESSURE DATA 
COMPONENT 
G5 Orbiter fuselage 1-1270 
b, 7, 8 (Note) Lower wing 1271-3146 
9, 10, 11 (Note) Upper wing 3197- 5404 
12 Upper body flap 5405-5773 
12 Lower body flap 5774-6142 
13 Speed brake 6143-6546 
13 Vertical tail] 6547-7114 


Note: Data tabuiated at 2Y/BW - .673, X/CW = -775, .850, .950 & 1.00 
were actually located at 2Y/BW = .641, X/CW = ./75, .850, .950 
& 1.00 a5 shown in Table V on page 47, 
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